Introduction
============

Liver cancer is one of the most common digestive system malignancies in clinical practice. The occurrence and development of liver cancer is a complex process with various factors and pathways involved. With the characteristics of occult onset, fast progress and high mortality, 5-year survival rate of patients with this disease is \<10% ([@b1-ol-0-0-8898],[@b2-ol-0-0-8898]). Liver cancer mainly affects elderly population, and incidence is higher in men than in women. In recent years, age of onset is becoming younger and younger ([@b3-ol-0-0-8898]). There are no typical clinical symptoms of early stages of liver cancer, and most patients were diagnosed at advanced stages, so to improve the diagnosis of early liver cancer is particularly important ([@b4-ol-0-0-8898]). Clinical diagnostic methods for liver cancer include clinical manifestations, laboratory tests and imaging studies. Imaging studies include ultrasound, CT and MRI, within which the diagnosis rate of CT and MRI is high ([@b5-ol-0-0-8898],[@b6-ol-0-0-8898]). With the improvements in contrast-enhanced ultrasound (CEUS), CEUS now can be used to observe blood perfusion of liver tissue in real-time, with high sensitivity and accuracy. Therefore, CEUS has become one of the most commonly used methods for the diagnosis of liver cancer ([@b7-ol-0-0-8898]). Radiofrequency ablation (RFA) is a non-invasive treatment that has been widely used in clinical practices ([@b8-ol-0-0-8898]). Enhanced CT can be used to rapidly scan images without blind spots, so it is generally used to evaluate the efficacy of RFA. CEUS can also timely and accurately evaluate the efficacy of RFA ([@b9-ol-0-0-8898]). In this study, CEUS and enhanced CT were used in the diagnosis of liver cancer and evaluation of efficacy of RFA. Consistency between the two methods was analyzed.

Materials and methods
=====================

### General information

A total of 60 patients with liver cancer were selected from April 2016 to May 2017 in Dongying People\'s Hospital (Dongying, China). All patients were subjected to CEUS and enhanced CT, and finally diagnosed by pathological examination. All patients underwent EFA, and CEUS and CT were used to evaluate curative effect. The general information of these patients are presented in [Table I](#tI-ol-0-0-8898){ref-type="table"}. The study was approved by the Ethics Committee of Dongying People\'s Hospital (Dongying, China). Signed informed consents were obtained from the patients.

Method
------

### Preparation before examination

Patients were fasted for 6 h before CT scan. All patients were informed with all details in the whole procedure. Breathing training (breathe slowly) was performed to avoid the effects of changes in respiratory rate on image quality.

### Enhanced CT examination

Patients were fixed in supine position and both hands were placed on a headrest. Dual Source CT scanner (Siemens AG, Munich, Germany) was used for scanning. Non-ionic iodine contrast agent iohexol (300 mg I/ml; Bayer Schering Pharma AG, Berlin, Germany) was injected (3.0 ml/sec) into the elbow vein of patients as a dose of 1.5 ml/kg. Dynamic enhanced scanning was performed at sub-arterial phase (20--30 sec after injection of iohexol), intravenous phase (60--70 sec after injection of iohexol) and balance phase (150--240 sec after injection of iohexol). All images were sent to the workstation.

### CEUS

CEUS was performed using Philips iU22 color Doppler system (Philips Healthcare, Amsterdam, The Netherlands). Probe frequency, 3.0 MHz; harmonic frequency, 3.5 MHz; speed range, 0.06--0.12 m/sec. Contrast agent SonoVue (registration no. H20080059; Bracco, Milan, Italy) was used. One dose of SonoVue was mixed with 5 ml of 9% sodium chloride solution to make a suspension (density of sulfur hexafluoride microbubbles was 2×10^8^/ml). Ultrasonic probe section was fixed in the target area. Contrast agent was injected into peripheral vein. When contrast agent reached the target, lesions were scanned through fan-shaped approach, and contrast agent enhancement and perfusion were timely observed.

### Treatment

After local anesthesia, cool-tip RFA needles were inserted through the marked skin. The number of needles was determined by the size of the lesion: 2 needles were used if the tumor diameter was \>3.0 cm, otherwise only 1 needle was used. LDRF-120S multipole RFA instrument (Mianyang Lide Electronic Technology Co., Ltd., Mianyang, China) was used to treat the lesion after the tip of the needle reached the bottom of the tumor. Treatment was monitored under ultrasound, and the whole process was between 10 and 20 min.

### Evaluation method

Examination results were analyzed by two senior diagnostic imaging physicians with \>10 years of work experience using double-blind method. Another imaging physician was included in case of inconsistence. With pathological examination results as gold standard, accuracies of CEUS and enhanced CT were compared. Maximum section area was measured by CEUS and enhanced CT at 1 and 3 months after treatment. Measurement was performed 3 times and the average value was calculated. Cross-sectional area was calculated according to the following formula: S = l/4πXY (X, left and right diameter; Y, front and back diameter).

Evaluation standard of RFA efficacy was as follows ([@b10-ol-0-0-8898]): i) Completely effective: Fibroid volume reduction rate of ≥50%; ⅱ) partially effective: Fibroid volume reduction rate of \<50%; and ⅲ) invalid: Fibroid recurrence or fibroid volume increased. Fibroid volume reduction rate = (fibroid volume before treatment - fibroid volume after treatment) / fibroid volume before treatment −100%. Treatment effective rate = partially effective rate + partial effective rate.

### Statistical analysis

Statistical software SPSS 19.0 (SPSS, Inc., Chicago, IL, USA) was used. Measurement data were expressed as mean ± standard deviation (mean ± SD) and processed using t-test. Enumeration data were expressed as number or (%) and processed using χ^2^ test. ANOVA was used for comparison between multiple groups and the post hoc test was Dunnett\'s test. Consistency of efficacy evaluation was analyzed using Bland-Altman test. Correlation between the two different examination methods was analyzed by Linear regression analysis, and the closer the value of r^2^ was to 1, the higher the correlation value between the two methods was. Area under the ROC curve, and sensitivity and specificity of two methods were analyzed, and the significance level of test was α=0.05.

Results
=======

### Comparison of the accuracy of two methods for the diagnosis of liver cancer

No significant differences in the accuracy of the two methods for the diagnosis of liver cancer were found (p\>0.05; [Table II](#tII-ol-0-0-8898){ref-type="table"}).

### Comparison of area under the ROC curve of CEUS and enhanced CT

Area under the ROC curve of CEUS was 0.896 with a sensitivity of 90.2% and a specificity of 88.7%. The area under the ROC curve for enhanced CT diagnosis was 0.907 with a sensitivity of 91.8% and a specificity of 89.7%. Detailed results are presented in [Fig. 1](#f1-ol-0-0-8898){ref-type="fig"}.

### Comparison of maximum tumor cross-sectional area measured by two methods

There was no significant difference in maximum tumor cross-sectional area measured by the two methods at 1 and 3 months after treatment (p\>0.05). As shown in [Table III](#tIII-ol-0-0-8898){ref-type="table"}.

### Comparison of the evaluation of RFA efficacy by two methods

No significant differences were found in evaluation of RFA efficacy by two methods at 1 and 3 months after treatment (p\>0.05). As shown in [Table IV](#tIV-ol-0-0-8898){ref-type="table"}.

### Analysis of the consistency of CEUS and enhanced CT in measuring maximum tumor cross-sectional area

Bland-Altman test showed that, at 1 month after treatment, as can be seen from [Fig. 2](#f2-ol-0-0-8898){ref-type="fig"}, the mean of the difference between the paired data of 60 patients was 0.8 cm^2^, and the 95% agreement margin was 3.8 to −2.3 cm^2^, and 8.33% (5/60) points are outside the 95% consistency limit. At 3 months after treatment, as can be seen from [Fig. 3](#f3-ol-0-0-8898){ref-type="fig"}, the mean of the paired data differences for the 60 patients was 0.3 cm^2^, and the 95% agreement margin was 2.2 to −1.6 cm^2^, and 5% (3/60) points were outside the 95% agreement limits, indicating a strong agreement between the two methods.

### Correlation analysis of CEUS and enhanced CT in measuring maximum cross-sectional area after treatment

Pearson\'s correlation analysis equation was: Y = 0.7813X + 52.686 (Y, CEUS measurement; X, enhanced CT measurement). Pearson\'s correlation analysis showed a strong correlation between CEUS measurements and enhanced CT measurements (r^2^=0.617, [Fig. 4](#f4-ol-0-0-8898){ref-type="fig"}).

Discussion
==========

Liver cancer often occurs in the intrahepatic bile duct or liver cells, of which the former can account for \>80% of the cases, and its incidence and mortality ranks in the forefront of all malignancies ([@b11-ol-0-0-8898]). Clinical manifestations of liver cancer patients include loss of appetite, liver pain, weight loss, jaundice and ascites, and even coma and systemic failure ([@b12-ol-0-0-8898]). Liver cancer can be caused by a variety of factors including viral infection, cirrhosis, alcohol and tobacco consumption, chemical carcinogens, drinking water pollution and genetic factors ([@b13-ol-0-0-8898]). Pathogenesis of liver cancer is complex, and its occurrence is usually the result of long-term cumulative changes in multiple factors. Interaction between environmental factors and genetic polymorphisms plays an important role in the occurrence and development of liver cancer ([@b14-ol-0-0-8898]). Attention should be paid to the regular screening of liver cancer to achieve early detection, and early diagnosis and early treatment are of great significance to improve the prognosis and reduce the mortality of liver cancer.

With the rapid development of medical imaging technology, it plays an important role in detecting, characterizing, locating and staging liver cancer. Its diagnostic value far exceeds that of serology and has been widely used clinically. CT scanning has the characteristics of fast scanning, clear image and minimal influence from the surrounding organs. With the emergence of multi-slice CT, scanning time becomes even shorter, motion artifact interference is even less, Z-axis resolution and the diagnostic accuracy are even higher ([@b15-ol-0-0-8898]). Enhanced CT scans through iohexol can not only effectively detect liver cancer lesions, but also improve the accuracy of its qualitative judgment, which in turn increase liver cancer detection rate ([@b16-ol-0-0-8898]). Results of this study showed that, compared with the results of pathological diagnosis, the accuracy of enhanced CT in the diagnosis of liver cancer was 91.67%, area under the ROC curve was 0.907, with a sensitivity of 91.8% and a specificity of 89.7%. Diagnostic accuracy of CEUS was 91.67%. Area under ROC curve was 0.896, the sensitivity was 90.2% and specificity was 88.7%. No significant differences in diagnostic accuracy was found between the two methods (p\>0.05), and diagnostic accuracy of both methods was high. This is because enhanced scan in three phases performed according to the three kinds of blood supply characteristics of liver cancer (hepatic artery blood supply, double hepatic artery and portal vein blood supply to portal vein-based hepatic artery less blood supply) can obtain data of arterial, stable and delayed phases of liver tissue and get information on the internal tumor hemodynamic changes, which can accurately reflect the characteristics of the blood supply, so as to improve the accuracy of diagnosis of liver cancer ([@b17-ol-0-0-8898]). With the application of contrast agent, diagnostic level of ultrasound is improved. CEUS can objectively display the shape, size and number of tumors, and at the same time, it can reflect the characteristics of blood flow inside the tumor ([@b18-ol-0-0-8898]), which is similar to the function of enhanced CT. CEUS can be an alternative to enhanced CT in the diagnosis of liver cancer, and can provide a reliable basis for treatment of liver cancer.

Treatment of liver cancer with RFA is easy and repeatable without radioactive injury. The principle is: Ηigh frequency AC electromagnetic waves generate biological energy to heat the lesions to reach 43--60°C, so as to cause tumor cell protein denaturation and tissue coagulation necrosis. At the same time, it can also cause coagulation reaction around the tumor, which in turn inhibits tumor metastasis without inducing significant damage to surrounding healthy tissues ([@b19-ol-0-0-8898]). After treatment, the curative effect needs to be evaluated to determine whether it is necessary to repeat the treatment. Clinical evaluation of RFA is usually performed by imaging examination, which can include ultrasound, CT and MRI ([@b20-ol-0-0-8898]). The results of this study showed that there was no difference in evaluating efficacy of RFA between CEUS and enhanced CT, and results of Bland-Altman test showed that there was a strong consistency between CEUS and CT. Linear regression analysis showed a strong linear correlation between the two methods (r^2^=0.617). The data suggest that CEUS can completely reflect the degree of tumor necrosis after RFA treatment, so as to avoid residual tumor recurrence after RFA due to inaccurate assessment, and its evaluation efficiency is comparable to that of enhanced CT. Clinical application of CT has a certain degree of radioactive damage and imaging section is fixed, while CEUS has the characteristics of convenient and rapid operation, non-radiation, non-space and time constraints, and high repeatability. So its clinical value is higher than that of CEUS.

In summary, CEUS and enhanced CT have high accuracy and consistency in diagnosis if liver cancer and evaluation of RFA efficacy, they can both provide a reliable basis for the diagnosis and treatment of liver cancer.
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![ROC curves of two methods. ROC curve was used to detect the sensitivity and specificity of two methods. No significant differences in the accuracy of the two methods for the diagnosis of liver cancer were found (p\>0.05). CEUS, contrast-enhanced ultrasound.](ol-16-02-2434-g00){#f1-ol-0-0-8898}

![BA map of the differences of CEUS and enhanced CT at 1 month after treatment. Bland-Altman test was used to measure maximum tumor cross-sectional area at 1 month after treatment, the mean of the difference between the paired data of 60 patients was 0.8 cm^2^, and the 95% agreement margin was 3.8 to −2.3 cm^2^, and 8.33% (5/60) points are outside the 95% consistency limit. CEUS, contrast-enhanced ultrasound.](ol-16-02-2434-g01){#f2-ol-0-0-8898}

![BA map of the differences of CEUS and enhanced CT at 3 months after treatment. Bland-Altman test was used to measure maximum tumor cross-sectional area at 3 month after treatment, the mean of the paired data differences for the 60 patients was 0.3 cm^2^, and the 95% agreement margin was 2.2 to −1.6 cm^2^, and 5% (3/60) points were outside the 95% agreement limits. CEUS, contrast-enhanced ultrasound.](ol-16-02-2434-g02){#f3-ol-0-0-8898}

![Pearson\'s correlation analysis of CEUS measurements and enhanced CT measurements. Pearson\'s correlation analysis was used to evaluate the relationship between CEUS and enhanced CT. Linear regression analysis equation was: Y = 0.7813X + 52.686 (Y, CEUS measurement; X, enhanced CT measurement). CEUS, contrast-enhanced ultrasound.](ol-16-02-2434-g03){#f4-ol-0-0-8898}

###### 

General information of patients.

  Items                           Patients (n=60)
  ------------------------------- -----------------
  Male (n, %)                     38 (63.33)
  Female (n, %)                   22 (36.67)
  Age (years)                     45--79
  Average age (years)             58.56±9.43
  Category (n, %)                 
  Primary                         52 (86.67)
  Metastatic                        8 (13.33)
  Lesions classification (n, %)   
  Single lesion                   55 (91.67)
  Multiple lesions                5 (8.33)

###### 

Comparison of the accuracy of CEUS and enhanced CT for the diagnosis of liver cancer (n, %).

  Methods       Confirmed diagnosis   Misdiagnosis   Erroneous diagnosis   Diagnostic accuracy
  ------------- --------------------- -------------- --------------------- ---------------------
  CEUS          53 (88.33)            3 (5.00)       4 (6.67)              53 (88.33)
  Enhanced CT   55 (91.67)            2 (3.33)       3 (5.00)              55 (91.67)
  χ^2^                                                                     0.093
  P-value                                                                  0.761

CEUS, contrast-enhanced ultrasound.

###### 

Comparison of the maximum tumor cross-sectional area measured by two methods (mean±SD, cm^2^).

  Methods       Cases   Before treatment   1 month after treatment   3 months after treatment
  ------------- ------- ------------------ ------------------------- --------------------------
  CEUS          60      5.56±1.36          3.47±1.07                 1.15±0.52
  Enhanced CT   60      5.68±1.74          3.51±1.09                 1.13±0.54
  t-test                0.421              0.203                     0.517
  P-value               0.675              0.839                     0.606

CEUS, contrast-enhanced ultrasound.

###### 

Comparison of the evaluation of RFA efficacy by two methods (n, %).

  Methods       Cases   1 month after treatment   3 months after treatment
  ------------- ------- ------------------------- --------------------------
  CEUS          60      49 (81.67)                56 (93.33)
  Enhanced CT   60      47 (78.33)                59 (98.33)
  t-test                0.052                     0.835
  P-value               0.819                     0.361

RFA, radiofrequency ablation; CEUS, contrast-enhanced ultrasound.
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